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1
AUTOMOTIVE CRASHWORTHINESS
ENERGY ABSORPTION PART AND
METHOD FOR MANUFACTURING THE
SAME

FIELD

The present invention relates to automotive crashworthi-
ness energy absorption parts and a method for manufactur-
ing the same and, in particular, to automotive crashworthi-
ness energy absorption parts configured to absorb
crashworthiness energy by undergoing axial crush when a
crashworthiness load is input from the front or the rear of an
automotive body and a method for manufacturing the same.

BACKGROUND

As techniques improving automotive crashworthiness
energy absorptive properties, there are many techniques
including optimization of the shape, the structure, the mate-
rial, and the like of automotive parts. In addition, in recent
years many techniques have been developed filling the
inside of automotive parts having a closed cross sectional
structure with resin (such as foamed resin) while being
foamed to achieve both improvement in the crashworthiness
energy absorptive properties of the automotive parts and
weight reduction of automotive body.

Patent Literature 1, in automotive structural members
having a structure in which a top portion direction of parts
with a hat-shaped cross section, such as a side sill, a floor
member, and a pillar, is aligned and flanges are overlapped
with each other to form a closed space thereinside, discloses
a technique filling the inside with a foamed filler to improve
the bending strength and the torsional stiffness of the auto-
motive structural members while reducing a weight increase
and to improve the rigidity and the collision safety of
automotive bodies, for example.

Patent Literature 2 discloses a technique, when the inside
space of a closed cross sectional structure such as a pillar in
which parts with a hat-shaped cross section face each other
to bring flange portions thereof into contact with each other
is filled with a high-rigidity foaming body, the high-rigidity
foaming body is fixed by compressive counterforce by
filling the inside space with the high-rigidity foaming body
and foaming of the high-rigidity foaming body to improve
strength, rigidity, and crashworthiness energy absorptive
property as well as to improve vibration isolating perfor-
mance to inhibit transmission of vibration sounds.

Patent Literature 3 discloses a metal-carbon fiber-rein-
forced plastic (CFRP) composite material in which a rein-
forcement formed of CFRP with a plurality of fiber layers
laminated is bonded to surface of metal parts with a ther-
mosetting adhesive, the composite material having a struc-
ture including a residual shear stress relaxing part with a
thickness gradually reducing from a main body of the
reinforcement toward an edge in order to relax the residual
shear stress occurring in the thermosetting adhesive by the
difference in a linear expansion coefficient between the
metal part and the reinforcement after bonding.

Furthermore, Patent Literature 4 discloses automotive
parts, which is a front side member including an energy
absorption part formed of fiber-reinforced plastic (FRP)
having a tubular cross section causing successive crush from
an input end side by an input load in an axial direction and
a support part continuous therewith and formed of FRP to be
joined to an automotive body part, the front side member
capable of being integrally molded including the energy
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absorption part in which reinforcing fibers are equally
oriented in the longitudinal direction of the front side
member and a direction orthogonal thereto and the support
part in which reinforcing fibers are oriented with isotropy.

CITATION LIST
Patent Literature

Patent
open No.
Patent
open No.
Patent
open No.
Patent
open No.

Literature 1: Japanese Patent Application Laid-
2006-240134
Literature 2: Japanese Patent Application Laid-
2000-318075
Literature 3: Japanese Patent Application Laid-
2017-61068
Literature 4: Japanese Patent Application Laid-
2005-271875

SUMMARY
Technical Problem

According to the techniques disclosed in Patent Literature
1 and Patent Literature 2, it is stated that the inside of the
automotive part is filled with a foamed filler or a foaming
body, whereby the strength and the crashworthiness energy
absorptive property against bending deformation of the
automotive part and further the rigidity thereof against
torsional deformation can be improved, and the deformation
of the automotive part can be reduced.

However, for automotive parts, such as a front side
member and a crash box configured to absorb crashworthi-
ness energy by undergoing bellows-shaped buckling defor-
mation when receiving input of a crashworthiness load from
the front or the rear of a car to undergo axial crush, even
when the technique filling the inside of the automotive parts
with the foamed filler or the foaming body is applied, the
inside of the automotive part is only filled therewith, and
adhesive strength between the automotive parts and the
foamed filler or the foaming body is insufficient. Conse-
quently, there is a problem in that the foamed filler or the
foaming body inside the part blows out through a gap of a
joint of the part or the like at the time of a crash, making it
difficult to improve the crashworthiness energy absorptive
property.

According to the techniques disclosed in Patent Literature
3 and Patent Literature 4, it is stated that CFRP is bonded to
the surface of metal, whereby bending strength can be
improved; the part is integrally manufactured considering
the orientation of CFRP itself, whereby a reduction in a part
assembly man-hour and a reduction in a weight increase
owing to a reduction in the number of fastening parts can be
achieved.

However, even when CFRP is applied for axial crush parts
involving deformation, CFRP has high strength, but has
extremely low elongation, and thus there is a problem in that
although only load resistance at the earliest stage of a crash
improves, the moment bellows-shaped deformation starts,
destruction such as fold or fracture of CFRP occurs, which
does not improve the crashworthiness energy absorptive
property.

The present invention has been made in order to solve the
above problems, and an object thereof is to provide an
automotive crashworthiness energy absorption part, such as
a front side member or a crash box, that improves, by an
outer surface coated with resin, the effect of absorbing
crashworthiness energy by undergoing axial crush when
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receiving input of a crashworthiness load from the front or
the rear of an automotive body, and is capable of functioning
as a damping material that absorbs vibrations occurring in
the automotive body and a method for manufacturing the
same.

Solution to Problem

An automotive crashworthiness energy absorption part
according to the present invention is provided at a front part
or a rear part of an automotive body, absorbs crashworthi-
ness energy by undergoing axial crush when receiving input
of a crashworthiness load from a front or a rear of the
automotive body, and includes: a tubular member configured
to absorb crashworthiness energy by undergoing axial crush,
the tubular member including a top portion and side wall
portions continuous with the top portion; and resin coated or
patched on at least outer surfaces of the top portion and the
side wall portions of the tubular member, wherein the coated
or patched resin has a thickness of 8 mm or less after being
heated, forms at least part of a peripheral wall portion of a
closed cross section space, and is bonded to the outer
surfaces with an adhesive strength of 10 MPa or more.

The automotive crashworthiness energy absorption part
may includes a separation prevention member that covers a
surface of the resin and is joined to outer surfaces of the side
wall portions in order to prevent the resin from separating
from the outer surfaces, wherein the resin is also bonded to
the separation prevention member with an adhesive strength
of 10 MPa or more.

A manufacturing method of an automotive crashworthi-
ness energy absorption part according to the present inven-
tion for manufacturing an automotive crashworthiness
energy absorption part including a tubular member provided
at a front part or a rear part of an automotive body and
configured to absorb crashworthiness energy by undergoing
axial crush when receiving input of a crashworthiness load
from a front or a rear of the automotive body, the tubular
member including a top portion and side wall portions
continuous with the top portion includes: a step of coating or
patching an outer surface of the tubular member with resin
having a thickness of 8 mm or less; and a step of performing
heat treatment on the tubular member coated or patched with
the resin on certain conditions to bond the resin to the outer
surface of the tubular member with an adhesive strength of
10 MPa or more.

A manufacturing method of an automotive crashworthi-
ness energy absorption part according to the present inven-
tion manufactures the automotive crashworthiness energy
absorption part according to the present invention and
includes: a step of coating or patching the outer surfaces of
the tubular member with resin having a thickness of 8 mm
or less; a step of proving the separation prevention member
preventing the resin coated or patched on the outer surfaces
from separating from the outer surfaces so as to cover a
surface of the resin to join the separation prevention member
to the outer surfaces of the side wall portions; and a step of
performing heat treatment on the tubular member coated or
patched with the resin on certain conditions to bond the resin
to each of the outer surfaces of the tubular member and the
separation prevention member with an adhesive strength of
10 MPa or more.

A manufacturing method of an automotive crashworthi-
ness energy absorption part according to the present inven-
tion manufactures the automotive crashworthiness energy
absorption part according to the present invention and
includes: a step of coating or patching the resin having a
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thickness of 8 mm or less on the separation prevention
member preventing the resin from separating from the outer
surfaces of the top portion and the side wall portions
continuous with the top portion of the tubular member; a
step of bringing the resin of the separation prevention
member coated or patched with the resin into contact with
the outer surfaces of the tubular member and joining the
separation prevention member to the outer surfaces of the
side wall portions; and a step of performing heat treatment
on the tubular member in which the separation prevention
member is joined to the outer surfaces on certain conditions
to bond the resin to each of the outer surface and the
separation prevention member with an adhesive strength of
10 MPa or more.

Advantageous Effects of Invention

According to the present invention, in a process in which
a tubular member configured to absorb crashworthiness
energy by undergoing axial crush when receiving input of a
crashworthiness load from the front or the rear of an
automotive body undergoes compressive deformation, the
buckling strength of the tubular member can be improved,
bellows-shaped buckling deformation can be caused without
reducing the deformation resistance of the tubular member,
fracture in a bending portion in the buckling deformation of
the tubular member can be prevented, and crashworthiness
energy absorptive property can be improved. Furthermore,
according to the present invention, vibration-damping prop-
erties can be improved by absorbing vibrations from an
automotive engine and vibrations input to the automotive
body from various directions while driving a car.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of an automotive crashwor-
thiness energy absorption part according to a first embodi-
ment of the present invention.

FIG. 2 is a sectional view of the automotive crashwor-
thiness energy absorption part according to the first embodi-
ment of the present invention.

FIG. 3 is a graph of a relation between a tensile strength
level of steel sheets and the ratio of a fracture limit for
bending radius to a sheet thickness of the steel sheets.

FIG. 4 is a sectional view of another aspect of the
automotive crashworthiness energy absorption part accord-
ing to the first embodiment of the present invention (No. 1).

FIG. 5 is a sectional view of another aspect of the
automotive crashworthiness energy absorption part accord-
ing to the first embodiment of the present invention (No. 2).

FIG. 6 is a perspective view of an automotive crashwor-
thiness energy absorption part according to a second
embodiment of the present invention.

FIG. 7 is a sectional view of the automotive crashwor-
thiness energy absorption part according to the second
embodiment of the present invention.

FIG. 8 is a sectional view of another aspect of the
automotive crashworthiness energy absorption part accord-
ing to the second embodiment of the present invention.

FIG. 9 is a diagram illustrating an axial crush test method
in examples.

FIG. 10 is a diagram illustrating an impact vibration test
method in the examples.

FIG. 11 is a diagram of a vibration mode as a target of
calculation of a character frequency in vibration character-
istic evaluation by the impact vibration test method in the
examples.
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FIG. 12 is a diagram of a structure of a test specimen used
as an inventive example in the examples (No. 1).

FIG. 13 is a diagram of a structure of a test specimen used
as an inventive example in the examples (No. 2).

FIG. 14 is a diagram of a structure of a test specimen used
as an inventive example in the examples (No. 3).

FIG. 15 is a diagram of a structure of a test specimen used
as an inventive example in the examples (No. 4).

FIG. 16 is a diagram of a structure of a test specimen used
as a comparative example in the examples.

DESCRIPTION OF EMBODIMENTS

The following describes an automotive crashworthiness
energy absorption part and a method for manufacturing the
same according to first and second embodiments of the
present invention based on FIG. 1 to FIG. 8. In the present
specification and drawings, components having substan-
tially the same function and configuration are denoted by the
same symbols, whereby a duplicate description is omitted.

First Embodiment

<Automotive Crashworthiness Energy Absorption Part>

As exemplified in FIG. 1 and FIG. 2, an automotive
crashworthiness energy absorption part 1 according to the
first embodiment of the present invention is provided at a
front part or a rear part of an automotive body and config-
ured to absorb crashworthiness energy by undergoing axial
crush in a longitudinal direction of a tubular member 3 when
receiving input of a crashworthiness load from the front or
the rear of the automotive body, and includes the tubular
member 3 formed in a tubular shape with an outer part 5 and
an inner part 7 joined together and resin 9 coated on an outer
surface of the tubular member 3.

The tubular member 3 absorbs crashworthiness energy by
undergoing axial crush, has a top portion and side wall
portions continuous with the top portion, and is formed in a
tubular shape with the outer part 5 with a hat-shaped cross
section formed of a metal sheet and the flat plate-shaped
inner part 7 formed of a metal sheet joined together to have
a closed cross section space thereinside as illustrated in FIG.
1, for example. Here, the closed cross section space refers to
a space in which a cross sectional shape of a peripheral wall
portion of the tubular member 3 in a direction crossing an
axial direction of the tubular member 3 is a closed cross
section and, in the tubular member 3 illustrated in FIG. 1,
formed by closed cross sections continuous along the axial
direction. Such a closed cross section space is formed by
joining the outer part 5 with a hat-shaped cross section and
the flat plate-shaped inner part 7 together; spot welding can
be used for joining of the outer part 5 and the inner part 7,
for example.

The tubular member 3 having such a closed cross section
space can be used for automotive parts having a closed cross
sectional structure such as a front side member extending in
a front-and-rear direction of an automotive body at right and
left positions at the front part of the automotive body to form
part of an automotive body frame and a crash box provided
at a front end or a rear end of the automotive body frame; the
automotive parts are installed in the automotive body such
that the axial direction (the longitudinal direction) of the
tubular member 3 matches the front-and-rear direction of the
automotive body.

Examples of the type of the metal sheet for use in the
tubular member 3 used as automotive parts include cold
rolled steel sheets, hot rolled steel sheets, stainless steel
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6

sheets, zinc-based coating steel sheets, zinc alloy coating
steel sheet, aluminum alloy coating steel sheets, and alumi-
num alloy sheets.

As illustrated in FIG. 1 and FIG. 2, the resin 9 is a coating
with a thickness of 8 mm or less on an outer surface of the
outer part 5 forming the tubular member 3. The resin 9 is
bonded to the outer part 5 with an adhesive strength of 10
MPa or more.

Examples of the type of the resin 9 of the automotive
crashworthiness energy absorption part 1 according to the
first embodiment include thermoplastic resins, thermoset
resins, and elastomer resins. Examples of the thermoplastic
resins include vinyl resins (vinyl acetate, vinyl chloride, and
the like), acrylic resins, polyamide resins, polystyrene res-
ins, and cyanoacrylate resins. Examples of the thermoset
resins include epoxy resins, urethane resins, ester resins,
phenolic resins, melamine resins, and urea resins. Examples
of the elastomer resins include nitrile rubber resins, styrene
butadiene rubber resins, modified silicone resins, butyl rub-
ber resins, urethane rubber resins, and acrylic rubber resins.

From the viewpoint of reducing the weight of the auto-
motive crashworthiness energy absorption part 1, the resin 9
is preferably foamed resin. When the foamed resin is used as
the resin 9, its foaming ratio is not limited to a particular
ratio.

The adhesive strength between the resin 9 and the tubular
member 3 can be maximum sheared stress or average
sheared stress acting on an interface between the metal sheet
and the resin; the maximum sheared stress or the average
sheared stress can be obtained by crashworthiness analysis
of'a doubled-layered square column in which the metal sheet
(a steel sheet or the like) and the resin are bonded together,
for example.

The adhesive strength between the resin 9 and the tubular
member 3 may be obtained by cutting out part of the resin
9 and the tubular member 3 after bonding, installing the
resin 9 and the tubular member 3 that have been cut out in
a tensile testing machine, and pulling them with one holding
the resin 9 and the other holding the tubular member 3.
Alternatively, the adhesive strength between the resin 9 and
the tubular member 3 may be one measured by a method
cutting out part of the tubular member 3 and the resin 9 after
bonding, installing them in the tensile testing machine, and
pulling them with one holding the resin 9 and the other
holding a grip portion (not illustrated) formed by bending
the tubular member 3 formed of a metal sheet or joining a
grip part to the tubular member 3 and gripping and pulling
the grip part by the tensile testing machine.

As described above, the automotive crashworthiness
energy absorption part 1 according to the first embodiment
has the tubular member 3 the outer surface of which is
coated with the resin 9 with a thickness of 8 mm or less,
however, in the present invention, a plate-shaped resin with
a thickness of 8 mm or less may be patched on the outer
surface of the tubular member using an adhesive. Further-
more, a film-shaped resin with a thickness of about 100 pm
may be patched on the outer surface of the tubular member
as in a laminate of a laminated steel sheet. The adhesive
strength between the plate-shaped resin or the film-shaped
resin and the outer surface of the tubular member is required
to be 10 MPa or more.
<Manufacturing Method of Automotive Crashworthiness
Energy Absorption Part>

The following describes a manufacturing method of an
automotive crashworthiness energy absorption part accord-
ing to the first embodiment. The manufacturing method of
an automotive crashworthiness energy absorption part
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according to the first embodiment is a method for manufac-
turing the automotive crashworthiness energy absorption
part 1 that includes the tubular member 3 provided at a front
part or a rear part of an automotive body and configured to
absorb crashworthiness energy when receiving input of a
crashworthiness load from the front or the rear of the
automotive body as exemplified in FIG. 1 and FIG. 2, and
the method includes a step of coating the outer surface of the
tubular member 3 with the resin 9 and a step of performing
heat treatment on the tubular member 3 coated with the resin
9 to improve adhesive strength.

In the step of coating the outer surface of the tubular
member 3 with the resin 9, either of the following may be
employed: the outer part 5 with a hat-shaped cross section
formed of a metal sheet and the flat plate-shaped inner part
7 formed of a metal sheet are joined together to form the
tubular member 3, and the outer surface of the tubular
member 3 is coated with the resin 9 with a thickness of 8 mm
or less; or parts corresponding to the outer surface of the
tubular member 3 in the outer part 5 and the inner part 7 is
coated with the resin with a thickness of 8 mm or less, and
then the outer part 5 and the inner part 7 are joined together
to form the tubular member 3.

Examples of a specific method for coating with the resin
9 include a method in which the outer surface of the tubular
member is coated with the resin 9 sprayed using a spray
nozzle, a method in which the outer surface of the tubular
member 3 is coated with the resin 9 using a brush or the like,
and a method in which the outer surface of the tubular
member 3 is coated with the resin 9 by immersing the
tubular member 3 into a tank in which paint containing the
resin 9 is stored. Considering a weight increase by the resin,
only a part of the peripheral wall portion of the tubular
member 3 was coated with the resin.

In the step of performing heat treatment, heat treatment is
performed on the tubular member 3 coated with the resin 9
on certain conditions to bond the resin 9 to the outer surface
of the tubular member 3 with an adhesive strength of 10
MPa or more. In this step, the resin 9 and the tubular member
3 can be bonded to each other through adhesive capacity by
heating, melting, and solidifying of the resin 9 itself or with
an adhesive.

In the case of bonding through the adhesive capacity of
the resin 9 itself, the heat treatment may be performed after
the outer surface of the tubular member 3 is coated with the
resin 9, and the temperature and time of the heat treatment
may be adjusted as appropriate so as to give an adhesive
strength of 10 MPa or more in accordance with the type of
the resin 9 coated on the outer surface. On the other hand,
in the case of bonding using the adhesive, the heat treatment
may be performed after the resin 9 and the outer surface of
the tubular member 3 have been bonded to each other via the
adhesive, and the temperature and time of the heat treatment
may be adjusted as appropriate so as to make the adhesive
strength of the adhesive 10 MPa or more. The step of
performing heat treatment in the present invention may also
serve as a step of applying paint to the outer surface of the
tubular member 3 and performing baking finish, for
example.

The adhesive strength between the resin 9 and the outer
surface of the tubular member 3 can be obtained by a
crashworthiness analysis of the doubled-layered square col-
umn in which the metal sheet (a steel sheet or the like) and
the resin are bonded together or obtained by the measure-
ment using the tensile testing machine as described above.

The manufacturing method of an automotive crashwor-
thiness energy absorption part according to the first embodi-
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ment is a method in which the outer surface of the tubular
member 3 is coated with the resin 9 as described above,
however, in the present invention, a plate-shaped resin with
a thickness of 8 mm or less may be patched on the outer
surface of the tubular member using the adhesive. Further-
more, a film-shaped resin with a thickness of about 100 pm
may be patched on the outer surface of the tubular member
like a laminate of a laminated steel sheet. In the step of
performing heat treatment, the adhesive strength between
the plate-shaped resin or the film-shaped resin and the outer
surface of the tubular member may be made 10 MPa or
more.

The following describes the reason why the crashworthi-
ness energy absorptive property improves in the process in
which the automotive crashworthiness energy absorption
part 1 according to the first embodiment undergoes axial
crush.

In a conventional automotive crashworthiness energy
absorption part having a tubular member formed of a metal
sheet such as a steel sheet, in a process in which a crash-
worthiness load is input to an axial tip of the automotive
crashworthiness energy absorption part, and the tubular
member undergoes axial crush beyond its buckling strength,
the automotive crashworthiness energy absorption part
absorbs crashworthiness energy by repeatedly causing bel-
lows-shaped buckling deformation on the tubular member.

In this process, if the tubular member undergoes buckling
deformation without fracture, the crashworthiness energy is
most likely to be absorbed; when fracture occurs at the tip
of a bellows-shaped bending portion after the tubular mem-
ber has undergone bellows-shaped buckling deformation,
absorption of the crashworthiness energy is insufficient, and
intrinsic performance cannot be exhibited. This bellows-
shaped bending portion along with the buckling deformation
of the tubular member has a small bending radius unique to
the metal sheet, and thus stress concentrates on a bending
surface, in which fracture is likely to occur.

In the shape of the tubular member, parts having high
performance to absorb the crashworthiness energy are the
portions connecting the top portion and the side wall por-
tions to each other, which are also parts that are most likely
to be subjected to work and undergo work hardening when
the tubular member is press formed. Consequently, owing to
a reduction in elongation by work hardening, fracture is
likely to occur at the tip of the bellows-shaped bending
portion connecting the top portion and the side wall portions
to each other.

In particular, high-strength steel sheets that have been
employed for automotive parts for the purpose of achieving
both crashworthiness performance and weight reduction of
automotive body in recent years have lower elongation than
that of steel sheets with conventional strength; thus, accord-
ing to a relation between a steel sheet tensile strength level
and fracture limit for bending radius R/sheet thickness t of
the steel sheet illustrated in Table 1 and FIG. 3 (refer to
Reference 1 below), for the same sheet thickness, a larger
steel sheet tensile strength TS is more likely to cause fracture
with a larger bending radius. Thus, when an automotive
crashworthiness energy absorption part including a high-
strength steel sheet undergoes bellows-like buckling defor-
mation, fracture becomes more likely to occur at the tip of
the bellows-shaped bending portion along with an increase
in the steel sheet strength.
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(Reference 1) Kohei Hasegawa, Shinjiro Kaneko, and
Kazuhiro Seto, “Cold-Rolled and Galvannealed (GA)
High Strength Steel Sheets for Automotive Cabin
Structure”, JFE Technical Report, No. 30 (August,
2012), pp. 6-12

TABLE 1
Steel sheet
strength level TS [MPa] R/t [—]
780 MPa class 810 Less than 1.0
980 MPa class 1020 1.0
1180 MPa class 1210 1.5
1320 MPa class 1330 2.0
1470 MPa class 1510 2.5

Consequently, for applying the high-strength steel sheets
for automotive crashworthiness energy absorption parts, the
above has been a factor to hinder the progress of further
improvement in the strength of the steel sheets. Given these
circumstances, in the present invention, attention has been
paid to the fact that the bellows-shaped bending portion of
the tubular member has the small bending radius unique to
the metal sheet described above, and it has thus been thought
that if the bending radius can be increased, fracture at the tip
of the bellows-shaped bending portion along with the buck-
ling deformation at the time of a crash can be prevented.

That is to say, when the tubular member 3 formed of a
metal sheet undergoes buckling deformation at an early axial
crush crash stage, in a bending portion that has become
deformed in a convex shape, an object to be interposed
between the metal sheet and the metal sheet is held ther-
ebetween and is compressed, and thereby the bending radius
of the convex bending portion can be kept large. However,
adding the object interposed between the metal sheet and the
metal sheet leads to a weight increase of the part, and thus
its weight is preferably as light as possible.

Given these circumstances, in the present invention, the
resin is bonded to the outer surface of the tubular member,
and the resin is held between the metal sheet and the metal
sheet, whereby the resin is interposed therebetween, and the
bending radius of the convex bending portion can be made
larger than the fracture limit for bending radius unique to the
metal sheet, and fracture is prevented from occurring in the
bellows-shaped bending portion of the tubular member.
Consequently, the crashworthiness energy absorptive prop-
erty can be inhibited from reducing.

However, when the adhesive strength between the resin
coated on the outer surface of the tubular member of the
automotive crashworthiness energy absorption part and the
outer surface of the tubular member is low, in a process
immediately after input of the crashworthiness load to the
axial tip of the automotive crashworthiness energy absorp-
tion part and the start of buckling deformation to the
termination of axial crush deformation, the resin coated on
the outer surface of the tubular member peels off and
separates from the tubular member. Consequently, fracture
occurs in the tubular member formed of a metal sheet in the
buckling deformation, and the crashworthiness energy
absorptive property cannot be improved.

On the other hand, in the automotive crashworthiness
energy absorption part 1 according to the first embodiment,
the resin 9 coated on the outer surface of the tubular member
3 and bonded thereto with an adhesive strength of 10 MPa
or more does not peel off and separate from the outer surface
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of the tubular member 3 in the process of axial crush and
undergoes compressive deformation together with the tubu-
lar member 3.

Thus, the buckling strength of the tubular member 3 can
be improved, and the bellows-shaped buckling deformation
can be caused repeatedly in the tubular member 3 without
reducing the deformation resistance of the tubular member
3, and consequently, the crashworthiness energy absorptive
property can be improved.

Furthermore, the thickness of the resin 9 after being
coated and heated is made 8 mm or less, whereby when the
tubular member 3 made of a metal sheet undergoes buckling
deformation at the early axial crush crash stage, in a bending
portion that has become deformed in a concave shape, the
resin is held between the metal sheet and the metal sheet.
Thus, the bending radius of the concave bending portion can
be prevented from becoming smaller than the fracture limit
for bending radius unique to the metal sheet, and fracture is
prevented from occurring in the metal sheet. Consequently,
the crashworthiness energy absorptive property can be
inhibited from reducing.

There is no need to cover the entire closed cross section
space of the tubular member 3 with the resin like conven-
tional ones. This is because owing to the above reason, the
resin is only required to be present at the tip of the bellows-
shaped bending portion along with buckling deformation at
the time of a crash. Consequently, in order for the resin to
present along with buckling deformation, the resin is essen-
tially bonded to the parts connecting the top portion and the
side wall portions of the tubular member 3 to each other,
which are parts having high performance to absorb crash-
worthiness energy.

Thus, as in an automotive crashworthiness energy absorp-
tion part 15 illustrated in FIG. 4, even a component in which
punch shoulder R portions 55 of the outer part 5 are coated
with resin 17 can inhibit the crashworthiness energy absorp-
tive property when the crashworthiness load is input in the
axial direction from reducing and can improve buckling
strength.

However, as illustrated in FIG. 5, even an automotive
crashworthiness energy absorption part 11 in which the
entire outer surface of the tubular member 3 is coated with
resin 13 to form the entire peripheral wall portion of the
closed cross section space can produce the effects of improv-
ing the buckling strength of the tubular member 3 and
preventing fracture therein.

Furthermore, in the automotive crashworthiness energy
absorption part 1 according to the first embodiment, the resin
9 coated on the outer surface of the tubular member 3
functions also as a damping material that absorbs vibrations.
When the automotive crashworthiness energy absorption
part 1 is used as a front side member as a part configured to
absorb crashworthiness energy by undergoing axial crush,
for example, the resin 9 can absorb the vibrations of an
automotive engine installed on the front side member, thus
improving vibration-damping properties. This point will be
demonstrated by examples, which will be described below.

In the above description, the tubular member 3 is formed
by joining the outer part 5 with a hat-shaped cross section
and the flat plate-shaped inner part 7 together by spot
welding or the like. However, the tubular member 3 is not
limited to this example and may be formed in a tubular shape
by joining members with a hat-shaped cross section or a
U-shaped cross section together, be a cylindrical member or
a cylindrical member with its cross section formed in a
polygon, or be a polygon with a plurality members brought
together via flange surfaces, for example.
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Furthermore, although the above description is for the
automotive crashworthiness energy absorption part 1 in
which the outer surface of the tubular member 3 is coated
with the resin 9, even a component in which a plate-shaped
or film-shaped resin is patched on the outer surface of the
tubular member with an adhesive strength of 10 MPa or
more can produce effects similar to those of the automotive
crashworthiness energy absorption part 1 according to the
first embodiment.

Second Embodiment

<Automotive Crashworthiness Energy Absorption Part>

In the automotive crashworthiness energy absorption part
1 according to the first embodiment described above, further,
to surely ensure an adhesive strength between the outer
surface of the tubular member 3 and the resin 9 of 10 MPa
or more, a unit preventing separation of the resin 9 was
studied so as to eliminate a case in which the resin 9 bonded
to the outer surface of the tubular member 3 separates in the
process of axial crush and the crashworthiness energy
absorptive property is not improved.

Given these circumstances, as illustrated in FIG. 6 and
FIG. 7, an automotive crashworthiness energy absorption
part 21 according to the second embodiment of the present
invention includes the tubular member 3 that is configured
to absorb crashworthiness energy by undergoing axial crush
and has the top portion and the side wall portions continuous
with the top portion, and the resin 9 that is coated on the
outer surface of the tubular member 3, in which the resin 9
is coated with a thickness of 8 mm or less on the outer
surface and bonded thereto with an adhesive strength of 10
MPa or more, and further includes a separation prevention
member 23 that covers the surface of the resin 9 and is joined
to outer surfaces of the side wall portions 5S¢ of the tubular
member 3 in order to prevent the resin 9 from separating
from the outer surface of the tubular member 3, in which the
resin 9 is also bonded to the separation prevention member
23 with an adhesive strength of 10 MPa or more.

The separation prevention member 23 is formed of a
metal sheet (formed of a steel sheet, for example) and, as
illustrated in FIG. 7, the separation prevention member 23
covers the resin 9 coated on the outer part 5 as part of the
outer surface of the tubular member 3 and is joined to the
outer surfaces of the side wall portions 5¢ of the outer part
5 by spot welding, for example. The role of the separation
prevention member 23 is to prevent separation of the resin
9, and the metal sheet may have low strength and a thin sheet
thickness. The resin 9 is required at least for portions (the
punch shoulder R portions 554) connecting the top portion Sa
and the side wall portions 5¢ to each other and is desired to
be reduced in weight as much as possible as well, and thus
the vertical wall height of the resin 9 is desired to be short,
and thus the separation prevention member 23 was joined to
the side wall portions 5¢ of the outer part 5.

The adhesive strength between the resin 9 and the tubular
member 3 and the separation prevention member 23 may be
obtained by the crashworthiness analysis of a doubled-
layered square column in which the metal sheet (a steel sheet
or the like) and the resin are bonded together or be obtained
by cutting out part of the resin and the tubular member and
the separation prevention member after bonding and per-
forming measurement by the tensile testing machine in the
same manner as the first embodiment described above.

As described above, the automotive crashworthiness
energy absorption part 21 according to the second embodi-
ment is a component in which the outer surface of the
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tubular member 3 is coated with the resin 9, however, in the
present invention, a plate-shaped resin with a thickness of 8
mm or less may be patched on the outer surface of the
tubular member using an adhesive. Furthermore, a film-
shaped resin with a thickness of about 100 um may be
patched on the outer surface of the tubular member as in a
laminate of a laminated steel sheet. The adhesive strength
between the plate-shaped resin or the film-shaped resin and
the outer surface of the tubular member may be 10 MPa or
more.

<Manufacturing Method of Automotive Crashworthiness
Energy Absorption Part>

The following describes a manufacturing method of an
automotive crashworthiness energy absorption part accord-
ing to the second embodiment. An aspect of the manufac-
turing method of an automotive crashworthiness energy
absorption part according to the second embodiment is a
method for manufacturing the automotive crashworthiness
energy absorption part 21 including the tubular member 3
that is provided at a front part or a rear part of an automotive
body, is configured to absorb crashworthiness energy when
receiving input of a crashworthiness load from the front or
the rear of the automotive body, and has the top portion and
the side wall portions continuous with the top portion as
illustrated in FIG. 6 and FIG. 7. The manufacturing method
includes a step of coating the outer surface of the tubular
member 3 with the resin 9 having a thickness of 8 mm or
less, a step of attaching the separation prevention member 23
to the surface of the resin 9 and joining the separation
prevention member 23 to the outer surface of the tubular
member 3, and a step of performing heat treatment on the
tubular member 3 coated with the resin 9 on certain condi-
tions to bond the resin 9 to each of the outer surface of the
tubular member 3 and the separation prevention member 23
with an adhesive strength of 10 MPa or more.

In the step of coating the outer surface of the tubular
member 3 with the resin 9, the outer part 5 with a hat-shaped
cross section formed of a metal sheet and the flat plate-
shaped inner part 7 formed of a metal sheet are joined
together to form the tubular member 3, and then the outer
surface of the tubular member 3 is coated with the resin 9
with a thickness of 8 mm or less. In this step, either of the
following may be employed: the outer surface of the tubular
member 3 is coated with the resin 9 in liquid form with 8 mm
or less; or the resin 9 in plate form with a thickness of 8 mm
or less is bonded to the outer surface of the tubular member
3 using an adhesive.

In the step of joining the separation prevention member
23 to the outer surface of the tubular member 3, the
separation prevention member 23 is attached to the resin
coated on the outer surface of the tubular member 3 or
bonded thereto using an adhesive and is joined to the outer
surfaces of the side wall portions 5¢ of the outer part 5 by
spot welding or the like.

In the step of performing heat treatment, heat treatment is
performed on the tubular member 3 coated with the resin 9
and provided with the separation prevention member 23 on
certain conditions to bond the resin 9 and each of the outer
surface of the tubular member 3 and the separation preven-
tion member 23 together with an adhesive strength of 10
MPa or more.

Alternatively, when the resin 9 is bonded to the outer
surface of the tubular member 3 using the adhesive, the heat
treatment may be performed after the resin 9 has been
bonded to the outer surface of the tubular member 3, and the
temperature and time of the heat treatment may be adjusted
as appropriate so as to make the adhesive strength of the
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adhesive 10 MPa or more. The step of performing heat
treatment in the present invention may also serve as a step
of coating the outer surface of the tubular member 3 with
paint and performing baking finish, for example.

The adhesive strength between the resin 9 and the outer
surface of the tubular member 3 can be obtained by the
crashworthiness analysis of a doubled-layered square col-
umn in which the metal sheet (a steel sheet or the like) and
the resin are bonded together or measurement using a tensile
testing machine as described above.

In the above description, the manufacturing method of an
automotive crashworthiness energy absorption part accord-
ing to the second embodiment is a method in which the outer
surface of the tubular member 3 is coated with the resin 9
and then the separation prevention member 23 is provided to
the outside of the tubular member 3 to be attached to the
surface of the resin 9 and is joined to the outer surface of the
tubular member 3. However, coating with the resin 9 and
providing the separation prevention member 23 are not
limited to the above order.

That is to say, another aspect of the method for manu-
facturing the automotive crashworthiness energy absorption
part 21 according to the second embodiment may include a
step of coating or patching the resin 9 with a thickness of 8
mm or less on the separation prevention member 23 pre-
venting the resin 9 from separating from the outer surface of
the tubular member 3, a step of bringing the resin 9 of the
separation prevention member 23 coated or patched with the
resin 9 into contact with the outer surface of the tubular
member 3 and joining the separation prevention member 23
to the outer surface of the tubular member 3, and a step of
performing heat treatment on certain conditions to bond the
resin 9 to each of the outer surface of the tubular member 3
and the separation prevention member 23 with an adhesive
strength of 10 MPa or more.

The automotive crashworthiness energy absorption part
21 according to the second embodiment prevents the resin 9
from separating from the outer surface of the tubular mem-
ber 3 in the process in which the tubular member 3 under-
goes bellows-shaped buckling deformation to undergo axial
crush like the automotive crashworthiness energy absorption
part 1 according to the first embodiment described above.
Thus, the automotive crashworthiness energy absorption
part 21 according to the present embodiment, when the
tubular member 3 undergoes buckling deformation, causes
the resin 9 to be held on the outside of the portion that has
undergone buckling deformation to effectively prevent the
bending radius thereof from becoming less than the fracture
limit for bending radius, can thus prevent fracture in the
tubular member 3 at an early axial crush crash stage, and can
thus further improve the crashworthiness energy absorptive
property.

The automotive crashworthiness energy absorption part
21 is a component in which the resin 9 is coated across the
top portion 5a of the outer part 5 including the punch
shoulder R portions 55, however, in the present invention,
the automotive crashworthiness energy absorption part may
be a component in which only the punch shoulder R portions
5b of the outer part 5 are coated with resin 27 as in
automotive crashworthiness energy absorption parts 25 and
26 illustrated in FIG. 8(a) and FIG. 8(b).

Thus, even a component in which the resins 27 are coated
only on the punch shoulder R portions 55 of the outer part
5 and are bonded to the outer part 5 and the separation
prevention member 23 with an adhesive strength of 10 MPa
or more prevents the resin 27 from separating from the outer
part 5 at the early axial crush crash stage to improve
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buckling strength and can improve the crashworthiness
energy absorptive property. Furthermore, when the punch
shoulder R portions 56 in which work hardening has pro-
gressed in a press molding step of the outer part 5 undergo
buckling deformation in an axial crush step, the resin 27 is
held inside a bending portion of the buckling deformation to
prevent the bending portion from being bent to the fracture
limit for bending radius or less, whereby fracture can be
prevented from occurring.

Furthermore, in the automotive crashworthiness energy
absorption part 21 according to the second embodiment as
well, the resin 9 coated on the outer surface of the tubular
member 3 functions also as a damping material that absorbs
vibrations.

When the automotive crashworthiness energy absorption
part 21 is used as a front side member as a part configured
to absorb crashworthiness energy by undergoing axial crush,
for example, the resin 9 can absorb the vibrations of an
automotive engine installed on the front side member, thus
improving vibration-damping properties.

Furthermore, although the above description is for the
automotive crashworthiness energy absorption part 21 in
which the outer surface of the tubular member 3 is coated
with the resin 9, even a component in which a plate-shaped
or a film-shaped resin is patched on the outer surface of the
tubular member with an adhesive strength of 10 MPa or
more can produce effects similar to those of the automotive
crashworthiness energy absorption part 21 according to the
second embodiment.

EXAMPLES

Experiments for confirming the effects of the automotive
crashworthiness energy absorption part according to the
present invention were conducted, and the following
describes their results.

The present examples, with the automotive crashworthi-
ness energy absorption part according to the present inven-
tion as test specimens, performed evaluation of crashwor-
thiness energy absorption characteristic by an axial crush
test, and evaluation of a vibration-damping characteristic by
measuring a frequency response function in an impact
vibration test and calculating a character frequency.

In the axial crush test, as illustrated in FIG. 9, a load-
stroke curve indicating a relation between a load and a stroke
(amount of axial crush deformation) when a load is input in
an axial direction of a test specimen 31 having the tubular
member 3 at a test speed of 17.8 n/s to cause a test specimen
length (an axial length L, of the test specimen 31) to undergo
80 mm-axial crush deformation from 200 mm to 120 mm
was measured, and photographing with a high-speed camera
was performed to observe the state of deformation and the
presence or absence of the occurrence of fracture in the
tubular member. Furthermore, absorbed energy in a stroke of
0 to 80 mm was obtained from the measured load-stroke
curve.

On the other hand, in the impact vibration test, as illus-
trated in FIG. 10, an acceleration sensor (NP-3211 manu-
factured by Ono Sokki Co., L.td.) was mounted near an edge
of'the top portion of the separation prevention member 23 of
the hung test specimen 31, and a side wall portion, which is
a side opposite to the acceleration sensor mounting position,
of the separation prevention member 23 of the test specimen
31 was hit and excited by an impact hammer (GK-3100
manufactured by Ono Sokki Co., Ltd.), and impact force and
acceleration occurring in the test specimen 31 were put into



US 12,054,113 B2

15
an FFT analyzer (CF-7200A manufactured by Ono Sokki
Co., Ltd.) to calculate a frequency response function.

The frequency response function was calculated by aver-
aging procedure and curve fit by five impacts. Vibration
mode analysis was performed by the calculated frequency
response function to obtain a character frequency in the
same mode. FIG. 11 illustrates a vibration mode as an object.

FIG. 12 to FIG. 14 illustrate the structures and the shapes
of test specimens as inventive examples.

5

16

punch shoulder R portions 55, and the side wall portions 5¢
of the outer part 5 are coated or patched with the resin 9.
The outer part 5 and the inner part 7 used for the test
specimen 31, the test specimen 33, and the test specimen 35
illustrated in FI1G. 12 to FIG. 14 all have the same shape and
dimensions, with their test specimen length L, being 200
mm.
In the test specimen 31, the test specimen 33, and the test
specimen 35, the resin 9 and the resin 27 were an epoxy-
based or urethane-based foamed resin. The thickness of the

FIG. 12 is an aspect in which the automotive crashwor- 19 resin 9 or the resin 27 provided as a coating or patch was 0.1
thiness energy absorption part 21 according to the second mm, 1 mm (FIG. 15(¢)), 3 mm (FIG. 15(4)), or 8 mm (FIG.
embodiment of the present invention described above (FIG. 15(a)) or less, and the adhesive strength between the outer
6 and FIG. 7) was prepared as the test specimen 31. The test surface of the outer part 5 and the resin 9 or the resin 27 was
specimen 31 has. the tubular meml.)e.r 3 in which the outer s within the range of the present invention (10 MPa or more).
part 5 and the inner part 7 are joined together by spot For the adhesive strength of the present examples, the
welding, and the separation prevention member 23 is joined crashworthiness analysis of a doubled-layered square col-
to the outer surfaces of the side wall portions 5¢ of the outer umn in which the metal sheet used for the tubular member
part 5 so as to cover the resin 9 coated or patched on the and the resin are bonded together was performed, and
outer surfaces of the top portion Sa, the punch shoulder R 20 maximum sheared stress or average sheared stress acting on
portions 55, and the side wall portions 5S¢ of the outer part an interface between the metal sheet and the resin obtained
5. by the crashworthiness analysis was employed.

FIG. 13 is an aspect in which the automotive crashwor- Furthermore, in the present examples, comparative
thiness energy absorption part 25 according to another examples were provided using a test specimen 41 (FIG. 16)
aspect of the second embodiment of the present invention 5 that has the same shape and the same dimensions as those of
(FIG. 8(a)) was prepared as a test specimen 33. The test the tubular member 3 and the separation prevention member
specimen 33, like the test specimen 31, has the tubular 23 of the inventive examples and is not coated or patched
mf:mber 3 in which the outer part 5 and the inner part 7 are with resin, anq the test sPecimen 31., the test specimen 3.3,
joined together by spot welding, the punch shoulder R or the test specimen 35 with an adhesive strength of the resin
portions 55 of the outer part 5 are coated or patched with the 30 9 or the resin 27 of less than 10.0 MPa which is smaller than
resin 27, and the separation prevention member 23 is pro- the range of the present invention, and the axial crush test
vided so as to cover the surface of the resin 27 and is joined and the impulse impact test were performed on the com-
to the outer surfaces of the side wall portions 5¢ of the outer parative examples in the same manner as the inventive
part 5. examples. Table 2 illustrates the respective conditions of the
N FIG. 14 is an abspect in which the autoglotive crelllshv;or- 35 sltlructure, the type of ﬂﬁ: resin, and the adhlesive Stringth of
thiness energy absorption part 1 according to the first the test specimens as the inventive examples and the com-
embodiment of the present invention described above (FIG. parative examples. For the area coated with the resin in
1 and FIG. 2) was prepared as a test specimen 35. The test Table 2, “Outer RF” indicates the top portion Sa and part of
specimen 35 has. the tubular meml.)e.r 3 in which the outer the side Wal.l pprtions 5¢ of the outer part 5 .and “Punch
part 5 and the inner part 7 are joined together by spot shoulder R” indicates the punch shoulder R portion 55 of the
welding, and the outer surfaces of the top portion 5a, the outer part 5.

TABLE 2
Structure
Outer part Separation prevention member Inner part
Material Sheet Material Sheet Material Sheet
[MPa] thickness [mm] [MPa] thickness [mm] [MPa] thickness [mm]

Inventive Example 1 590 1.2 270 0.5 590 1.2
Inventive Example 2 590 1.2 270 0.5 590 1.2
Inventive Example 3 1180 1.2 270 0.5 590 1.2
Inventive Example 4 590 1.2 270 0.5 590 1.2
Inventive Example 5 590 1.2 270 0.5 590 1.2
Inventive Example 6 1180 1.2 — — 590 1.2
Inventive Example 7 1180 1.2 270 0.5 590 1.2
Comparative 590 1.2 270 0.5 590 1.2
Example 1

Comparative 590 14 270 0.5 590 1.2
Example 2

Comparative 980 1.2 270 0.5 590 1.2
Example 3

Comparative 1180 1.2 270 0.5 590 1.2
Example 4

Comparative 1180 1.2 270 0.5 590 1.2
Example 5

Comparative 590 1.2 270 0.5 590 1.2
Example 6

Comparative 590 1.2 270 0.5 590 1.2

Example 7
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Comparative 1180 1.2 — — 590 1.2
Example 8
Comparative 590 1.2 270 0.5 590 1.2
Example 9
Resin
Resin application adhesive
Presence Coating Thick-ness Test specimen strength
or absence or patch [mm] Area weight [kg] [MPa ]
Inventive Present Coating 8 Outer RF 1.35 11.9
Example 1
Inventive Present Coating 1 Outer RF 1.18 12.1
Example 2
Inventive Present Coating 1 Outer RF 1.18 15.5
Example 3
Inventive Present Coating 3 Punch 1.14 11.3
Example 4 shoulder R
Inventive Present Coating 3 Outer RF 1.22 10.4
Example 5
Inventive Present Patch 1 Outer RF 0.98 12.5
Example 6
Inventive Present Patch 0.1 Outer RF 1.11 12.5
Example 7
Comparative Absent — — — 1.09 —
Example 1
Comparative Absent — — — 1.20 —
Example 2
Comparative Absent — — — 1.09 —
Example 3
Comparative Absent — — — 1.10 —
Example 4
Comparative Present Coating 1 Outer RE 1.18 0.0
Example 5
Comparative Present Coating 3 Punch 1.14 4.0
Example 6 shoulder R
Comparative Present Coating 3 Outer RF 1.29 9.0
Example 7
Comparative Present Patch 1 Outer RF 0.98 4.0
Example 8
Comparative Present Coating 9 Outer RF 1.41 0.0
Example 9
Vibration
characteristic
Resin Presence Absorbed energy at (character
Foaming or absence test speed of 17.8 m/s frequency)
Resin type ratio of fracture [ kN [KI/kg] [Hz]
Inventive Urethane 2 Absent 13.0 9.6 460
Example 1
Inventive Urethane 2 Absent 9.6 8.1 340
Example 2
Inventive Urethane 2 Absent 12.4 10.5 340
Example 3
Inventive Epoxy 2 Absent 9.1 8.0 370
Example 4
Inventive Epoxy 2 Absent 9.8 8.0 370
Example 5
Inventive Urethane 2 Absent 11.3 11.5 355
Example 6
Inventive Urethane 2 Absent 11.8 10.6 310
Example 7
Comparative — — Absent 6.5 6.0 145
Example 1
Comparative — — Absent 7.0 5.8 165
Example 2
Comparative — — Present 8.1 7.4 145
Example 3
Comparative — — Present 8.5 7.7 145
Example 4
Comparative Urethane 2 Present 8.8 7.5 265
Example 5
Comparative Urethane 2 Present 7.7 6.8 290
Example 6
Comparative Epoxy 2 Present 8.6 6.7 298

Example 7
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Comparative Urethane 2 Present 8.9 9.1 275
Example 8
Comparative Urethane 2 Present 8.9 6.3 285
Example 9

Inventive Example 1 to Inventive Example 7 have an
adhesive strength of the resin of within the range of the
present invention (10 MPa or more); Inventive Example 1 to
Inventive Example 5 and Inventive Example 7 use the test
specimen 31 or the test specimen 33, which is provided with
the separation prevention member 23; and Inventive
Example 6 uses the test specimen 35, which is not provided
with any separation prevention member. On the other hand,
Comparative Example 1 to Comparative Example 4 are not
coated or patched with resin; and Comparative Example 5 to
Comparative Example 7 have an adhesive strength of the
resin out of the range of the present invention (less than 10
MPa).

Table 2 above illustrates the structure of the test speci-
mens and the test specimen weight, results of the absorbed
energy when the axial crush test was performed, and results
of the character frequency obtained by the impact vibration
test. The test specimen weight illustrated in Table 2 is the
sum of the respective weights of the outer part 5, the inner
part 7, the separation prevention member 23, and the resin
9 or the resin 27 for the test specimen 31 or the test specimen
33 coated with the resin 9 or the resin 27, and the sum of the
respective weights of the outer part 5, the inner part 7, and
the separation prevention member 23 for the test specimen
41 not coated or patched with resin.

Comparative Example 1 uses the test specimen 41 (FIG.
16) not coated with resin. The test specimen weight of
Comparative Example 1 was 1.09 kg, the absorbed energy
was 6.5 kJ, and the character frequency was 145 Hz.

Comparative Example 2 uses the test specimen 41 not
coated with resin like Comparative Example 1 in which the
sheet thickness of the outer part 5 is changed from 1.2 mm
to 1.4 mm in. The test specimen weight of Comparative
Example 2 was 1.20 kg, the absorbed energy was 7.0 kJ, and
the character frequency was 165 Hz.

Comparative Example 3 uses the test specimen 41 having
the same shape as that of Comparative Example 1 in which
the outer part 5 is a 980 MPa-class high-strength steel sheet.
The test specimen weight of Comparative Example 3 was
1.09 kg. The absorbed energy of Comparative Example 3
was 8.1 kJ, which increased from that of Comparative
Example 1, but fracture occurred in the tubular member 3.
The character frequency of Comparative Example 3 was 145
Hz.

Comparative Example 4 uses the test specimen 41 having
the same shape as that of Comparative Example 1 in which
the outer part 5 is a 1,180 MPa-class high-strength steel
sheet. The test specimen weight of Comparative Example 4
was 1.10 kg. The absorbed energy of Comparative Example
4 was 8.5 kI, which further increased from that of Com-
parative Example 3, but fracture occurred in the tubular
member 3. The character frequency of Comparative
Example 4 was 145 Hz.

Comparative Example 5 has the same shape as that of the
test specimen 31 according to the present invention but the
resin 9 with a thickness of 1 mm, the outer part 5, and the
separation prevention member 23 are not bonded together to
make the adhesive strength 0 MPa. The test specimen weight
of Comparative Example 5 was 1.18 kg. Furthermore, the
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absorbed energy of Comparative Example 5 was 8.8 kJ, and
fracture occurred in the tubular member 3. The character
frequency of Comparative Example 5 was 265 Hz.

Comparative Example 6 has the same shape as that of the
test specimen 33 according to the present invention and in
which only the punch shoulder R portions 56 of the outer
part 5 are coated with the resin 27 with a thickness of 3 mm
and the adhesive strength between the resin 27 and the outer
part 5 and the separation prevention member 23 is 4.0 MPa
that is out of the range of the present invention. The test
specimen weight of Comparative Example 6 was 1.14 kg.
Furthermore, the absorbed energy of Comparative Example
6 was 7.7 kI, and fracture occurred in the tubular member 3.
The character frequency of Comparative Example 6 was 290
Hz.

Comparative Example 7 has the same shape as that of the
test specimen 31 according to the present invention and in
which the adhesive strength between the resin 9 and the
outer part 5 and the separation prevention member 23 is 9.0
MPa that is out of the range of the present invention. The test
specimen weight of Comparative Example 7 was 1.29 kg.
Furthermore, the absorbed energy of Comparative Example
7 was 8.6 kI, and fracture occurred in the tubular member 3.
The character frequency of Comparative Example 7 was 298
Hz.

Comparative Example 8 has the same shape as that of the
test specimen 35 according to the present invention and in
which the adhesive strength of the resin 9 and the outer part
5 is 4.0 MPa that is out of the range of the present invention.
The test specimen weight of Comparative Example 8 was
0.98 kg. Furthermore, the absorbed energy of Comparative
Example 8 was 8.9 kJ, and fracture occurred in the tubular
member 3. The character frequency of Comparative
Example 8 was 275 Hz.

Comparative Example 9 has the same shape as that of the
test specimen 31 according to the present invention and in
which the resin 9 has a thickness of 9 mm that is out of the
range of the present invention. The test specimen weight of
Comparative Example 9 was 1.41 kg, the absorbed energy
per unit weight was 8.9 kJ, and the character frequency was
285 Hz.

Inventive Example 1 uses the test specimen 31 (FIG.
15(a)) in which the outer part 5 is a steel sheet with a steel
sheet strength of 590 MPa class, the resin 9 has a thickness
of' 8 mm and an adhesive strength of 11.9 MPa that is within
the range of the present invention (10.0 MPa or more). The
test specimen weight of Inventive Example 1 was 1.35 kg,
which increased from the test specimen weight of Compara-
tive Example 1 (=1.09 kg) made of the same material not
coated or patched with resin. The absorbed energy of Inven-
tive Example 1 was 13.0 kJ, which was greatly improved
from the absorbed energy of 6.5 kJ of Comparative Example
1, and no fracture occurred in the tubular member 3. In
addition, the absorbed energy was greatly improved as
compared with the absorbed energy of Comparative
Example 4 (=8.5 kJ) that uses the test specimen 41 in which
the outer part 5 is a 1,180 MPa-class high-strength steel
sheet. The absorbed energy per unit weight obtained by
dividing the absorbed energy by the test specimen weight
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was 9.6 kl/kg, which improved from that of Comparative
Example 1 (=6.0 kJ/kg) and that of Comparative Example 4
(=7.7 kl/kg). The character frequency of Inventive Example
1 was 460 Hz, which greatly increased from that of Com-
parative Example 1 (=145 Hz).

Inventive Example 2 uses the test specimen 31 (FIG.
15(¢)) in which the outer part 5 is a steel sheet with a steel
sheet strength of 590 MPa class and the resin 9 has a
thickness of 1 mm. The absorbed energy of Inventive
Example 2 was 9.6 kJ, which was lower than that of
Inventive Example 1, but greatly improved as compared
with the absorbed energy of Comparative Example 1 (=6.5
k), and no fracture occurred in the tubular member 3. The
test specimen weight of Inventive Example 2 was 1.18 kg,
which was lighter than the test specimen weight 1.35 kg of
Inventive Example 1. The absorbed energy per unit weight
of Inventive Example 2 was 8.1 kl/kg, which improved from
that of Comparative Example 1 (6.0 kl/kg). The character
frequency of Inventive Example 2 was 340 Hz, which was
greatly increased from that of Comparative Example 1
(=145 Hz).

Inventive Example 3 uses the test specimen 31 that has the
same shape as that of Inventive Example 2 and in which the
outer part 5 is a high-strength steel sheet with a steel sheet
strength of 1,180 MPa class. The absorbed energy of Inven-
tive Example 3 was 12.4 kJ, which was slightly lower than
that of Inventive Example 1, but greatly improved as com-
pared with that of Comparative Example 1, and no fracture
occurred in the tubular member 3. The test specimen weight
of Inventive Example 3 was 1.18 kg, which was lighter than
that of Inventive Example 1. The absorbed energy per unit
weight of Inventive Example 3 was 10.5 kJ/kg, which was
improved from that of Inventive Example 1 (=9.6 kl/kg) and
that of Comparative Example 1 (=6.0 kJ/kg). Fracture
occurred in the tubular member 3 at the time of 50 mm-axial
crush in Comparative Example 4, but no fracture occurred in
the tubular member 3 in Inventive Example 3. This is
because the resin 9 was coated on the outer part 5 and
bonded thereto with an adhesive strength of 10 MPa or
more, whereby the bending radius of the bellows-shaped
buckling deformation was not the fracture limit for bending
radius or less. The character frequency of Inventive Example
3 was 340 Hz, which was greatly increased from that of
Comparative Example 4 (145 Hz) that uses the steel sheet of
the same material as the outer part 5 but not coated with
resin.

Inventive Example 4 uses the test specimen 33 in which
the outer part 5 is a steel sheet with a steel sheet strength of
590 MPa class and only the punch shoulder R portions 54 of
the outer part 5 are coated with the resin 27 with a thickness
of 3 mm. The absorbed energy of Inventive Example 4 was
9.1 kJ, which was greatly improved as compared with the
absorbed energy 6.5 kJ of Comparative Example 1. The test
specimen weight of Inventive Example 4 was 1.14 kg, which
was lighter than that of Inventive Example 1. The absorbed
energy per unit weight of Inventive Example 4 was 8.0
Kl/kg, which was improved from that of Comparative
Example 1 (=6.0 KJ/kg), and no fracture occurred in the
tubular member 3. The character frequency of Inventive
Example 4 was 370 Hz, which was greatly increased from
the character frequency 290 Hz of Comparative Example 6
in which the adhesive strength of the resin 27 coated only on
the punch shoulder R portions 556 of the outer part 5 was out
of the range of the present invention.

Inventive Example 5 uses the test specimen 31 that has the
same shape as that of Inventive Example 1 and in which the
resin 9 has a thickness of 3 mm (FIG. 15(54)). The absorbed
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energy of Inventive Example 5 was 9.8 kJ, which was lower
than that of Inventive Example 1, but greatly improved as
compared with that of Comparative Example 1, and no
fracture occurred in the tubular member 3. The test specimen
weight of Inventive Example 5 was 1.22 kg, which was
lighter than that of Inventive Example 1. The absorbed
energy per unit weight of Inventive Example 5 was 8.0
kl/kg, which was improved from the absorbed energy per
unit weight 6.7 kl/kg of Comparative Example 7 that uses
the test specimen 31 with the adhesive strength out of the
range of the present invention (=9.0 MPa). The character
frequency of Inventive Example 5 was 370 Hz, which was
improved from the character frequency 298 Hz of Compara-
tive Example 7.

Inventive Example 6 uses the test specimen 35 in which
the outer part 5 is coated with the resin 9 with a thickness of
1 mm without providing any separation prevention member.
The test specimen weight of Inventive Example 6 was 0.98
kg. The absorbed energy of Inventive Example 6 was 11.3
kJ, and the absorbed energy per unit weight was 11.5 kJ/kg
that is comparable to the energy absorptive property of
Inventive Example 1 or more, and no fracture occurred in
the tubular member 3.

Inventive Example 7 uses the test specimen 31 that has the
same shape as that of Inventive Example 1 and in which the
resin 9 has a thickness of 0.1 mm comparable to a laminate
of'a normal laminated steel sheet. The test specimen weight
of Inventive Example 7 was 1.11 kg. The absorbed energy
of Inventive Example 7 was 11.8 kJ, and the absorbed
energy per unit weight thereof was 10.6 kJ/kg that is
comparable to the energy absorptive property of Inventive
Example 1 or more, and no fracture occurred in the tubular
member 3.

Accordingly, the automotive crashworthiness energy
absorption part according to the present invention can effi-
ciently improve the crashworthiness energy absorptive prop-
erty when receiving input of a crashworthiness load in the
axial direction to undergo axial crush while reducing a
weight increase and increase the character frequency, and
can thus improve the vibration-damping properties when an
impact is applied.

The reason why the vibration-damping properties is
improved by the increase in the character frequency is as
follows. When the character frequency of the tubular mem-
ber 3 as a crashworthiness member such as the front side
member described above falls within a frequency range of
the vibrations of an engine installed on the member, sym-
pathetic vibrations occur to increase the vibrations. When
the engine revolves at 4,000 rpm, which is a high revolution
range of normal traveling, for example, a crankshaft
revolves at the same number of revolutions; a four-cycle
engine explodes once per two revolutions per cylinder and
thus vibrates 2,000 times per minute (33.3 times per second),
which gives a vibration frequency of 133 Hz for a four-
cylinder engine, 200 Hz for a six-cylinder engine, and 267
Hz for an eight-cylinder engine. Thus, the character fre-
quency of about 300 Hz or more of the present invention can
surely prevent the sympathetic vibrations to improve the
vibration-damping properties.

INDUSTRIAL APPLICABILITY

According to the present invention, an automotive crash-
worthiness energy absorption part, such as a front side
member or a crash box, that improves, by an outer surface
coated with resin, the effect of absorbing crashworthiness
energy when undergoing axial crush with receiving input of
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a crashworthiness load from the front or the rear of an
automotive body, and is capable of functioning as a damping
material that absorbs vibrations occurring in the automotive
body and a method for manufacturing the same can be
provided.

REFERENCE SIGNS LIST

1 AUTOMOTIVE CRASHWORTHINESS ENERGY
ABSORPTION PART

3 TUBULAR MEMBER

5 OUTER PART

S5a TOP PORTION
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7 INNER PART

9 RESIN

11 AUTOMOTIVE CRASHWORTHINESS ENERGY
ABSORPTION PART

13 RESIN

15 AUTOMOTIVE CRASHWORTHINESS ENERGY
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21 AUTOMOTIVE CRASHWORTHINESS ENERGY
ABSORPTION PART

23 SEPARATION PREVENTION MEMBER

25 AUTOMOTIVE CRASHWORTHINESS ENERGY
ABSORPTION PART

26 AUTOMOTIVE CRASHWORTHINESS ENERGY
ABSORPTION PART

27 RESIN

31 TEST SPECIMEN (INVENTIVE EXAMPLE)

33 TEST SPECIMEN (INVENTIVE EXAMPLE)

35 TEST SPECIMEN (INVENTIVE EXAMPLE)

41 TEST SPECIMEN (COMPARATIVE EXAMPLE)

The invention claimed is:

1. An automotive crashworthiness energy absorption part
for being provided at a front part or a rear part of an
automotive body and absorbing crashworthiness energy by
undergoing axial crush when receiving input of a crashwor-
thiness load from a front or a rear of the automotive body,
the automotive crashworthiness energy absorption part com-
prising:

a tubular member formed of a metal sheet configured to
absorb crashworthiness energy by undergoing axial
crush in a longitudinal direction of the tubular member
and by repeatedly causing bellows-shaped buckling
deformation on the tubular member, the tubular mem-
ber including a top portion and side wall portions
continuous with the top portion; and

resin coated or patched on first outer surfaces including at
least outer surfaces of the top portion and the side wall
portions of the tubular member, wherein

the coated or patched resin has a thickness of 8 mm or less
after being heated, forms at least part of a peripheral
wall portion of a closed cross section space, and is
bonded to the first outer surfaces with an adhesive
strength of 10 MPa or more, and

the coated or patched resin is interposed between parts of
the metal sheet in a bending portion deformed in a
convex shape when the tubular member undergoes the
buckling deformation.

2. The automotive crashworthiness energy absorption part

according to claim 1, further comprising a separation pre-
vention member that covers a surface of the resin and is
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joined to second outer surfaces of the side wall portions in
order to prevent the resin from separating from the first outer
surfaces, wherein
the separation prevention member has lower material
5 strength than the tubular member, and
the resin is also bonded to the separation prevention
member with an adhesive strength of 10 MPa or more.
3. A manufacturing method of an automotive crashwor-
thiness energy absorption part for manufacturing an auto-
motive crashworthiness energy absorption part including a
tubular member formed of a metal sheet provided at a front
part or a rear part of an automotive body and configured to
absorb crashworthiness energy by undergoing axial crush in
a longitudinal direction of the tubular member and by
repeatedly causing bellows-shaped buckling deformation on
the tubular member when receiving input of a crashworthi-
ness load from a front or a rear of the automotive body, the
tubular member including a top portion and side wall
portions continuous with the top portion, the manufacturing
method comprising:
a step of coating or patching an outer surface of the
tubular member with resin having a thickness of 8 mm
or less; and
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coated or patched with the resin on certain conditions
to bond the resin to the outer surface of the tubular
member with an adhesive strength of 10 MPa or more,

o wherein the coated or patched resin is interposed between

parts of the metal sheet in a bending portion deformed
in a convex shape when the tubular member undergoes
the buckling deformation.

4. A manufacturing method of an automotive crashwor-
thiness energy absorption part for manufacturing the auto-
motive crashworthiness energy absorption part according to
claim 2, the manufacturing method comprising:

a step of coating or patching the first outer surfaces of the
tubular member with resin having a thickness of 8 mm
or less;

a step of providing the separation prevention member
preventing the resin coated or patched on the first outer
surfaces from separating from the first outer surfaces so
as to cover a surface of the resin to join the separation
prevention member to the second outer surfaces of the
side wall portions; and

a step of performing heat treatment on the tubular member
coated or patched with the resin on certain conditions
to bond the resin to each of the outer first surfaces of the
tubular member and the separation prevention member
with an adhesive strength of 10 MPa or more,

wherein the separation prevention member has lower
material strength than the tubular member.

5. A manufacturing method of an automotive crashwor-
thiness energy absorption part for manufacturing the auto-
motive crashworthiness energy absorption part according to
claim 2, the manufacturing method comprising:

a step of coating or patching the resin having a thickness

of 8 mm or less on the separation prevention member
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preventing the resin from separating from the first outer
surfaces;
a step of bringing the resin of the separation prevention
member coated or patched with the resin into contact
65 with the first outer surfaces of the tubular member and

joining the separation prevention member to the second
outer surfaces; and



US 12,054,113 B2
25

a step of performing heat treatment on the tubular member
in which the separation prevention member is joined to
the second outer surfaces on certain conditions to bond
the resin to each of the first outer surfaces and the
separation prevention member with an adhesive 5
strength of 10 MPa or more.
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